Other possibilities for viscosity reduction, such as use of cross linking agents or combi nations of binders, are not considered in this work.
L-----------.J 1 Introduction
Coatings with a high concentration of non volatiles are designated in this paper with the acronym nfA (nicht fluchtigem Anteil). Those nfAs with medium (60-80 vol%) or high solids loadings (> 80 %) exhibit much different rheological and surface energy behavior than low solids nfAs (< 60 %).
Some differences may include:
:> despite a higher non volatile component the binder solution of high-solids exhibits a relatively low solution viscosity
:> when diluting the high solids solution, the change in the visco sity-concentration curve is much flatter than exhibited by the low-solids coating. Therefore, pro nounced "drawing of the wet film" does not weit fortgeschrittener Losemittelverdunstung auftritt, One of the first problems in applying high and medium solids coatings is selecting the optimal solvent or diluent. A prime consideration is how these ingredients affect the viscosity and surface energy of the binder solution. Many commercial binders intended for high solids use have such high viscosities and surface energies as delivered that it is impractical to sufficiently reduce them via dilution. Reduction is conceivable only when a small amount of solvent or diluent produces a large effect; otherwise the volatile organic content (VOC) of the coating increases to an unacceptable level.
Experimental
Varnish resin solutions from different binder manu facturers were examined; they all had low solvent contents making them suitable for producing low solvent coatings. Flow and viscosity curves as well as surface energies were determined for the solutions as delivered; these parameters were also determined for selected solvent-diluent combinations.
The materials examined included ten alkyd (AK) resins (two high-solids and eight medium-solids), four hydroxy functional acrylate resins (AY) and an epoxide ester resin. The original solutions of these resins were diluted in two ways: with a solvent derived from the original product and with another selected solvent. Because the individual solutions exhibit Newtonian behavior in the shear rate region examined, no effort was made to determine initial and final viscosities. Instead, mean viscosity values were determined from the individual measured points, and these values, together with the standard deviation of the measure ment, were used in reducing the data . • -mit MeBeinrichtung ME 45
• -with fixture ME 45 Surface tension was measured using a Sigma 70 tensimeter from KSV Instruments Ltd . Preliminary experiments revealed that good reproducibility could be obtained with the DuNouy-Ring, even for high viscosity solutions. In contrast, the Wilhelmy-plate did not produce reproducible results; therefore, the DuNouy-Ring was used for all subsequent measure ments. Because the surface tension is only slightly dependent on temperature (unlike viscosity), most measurements were conducted at 23 oc. The data was corrected using the Zidema-Waters method.
Results and Discussion
The mean viscosity of the medium-solids alkyd resin solution was determined from the flow curves (see Table 1 ). The viscosity of the as-delivered materials at 23°C ranged from 3000 to 20 000 mPa·s, with most values falling between 5 000 and 10 000 mPa·s. These are much higher than the viscosity limit for processing and using these coatings. Despite its large tempera ture coefficient, the solution would have to be heated to 40°C to reach the desired viscosity. Even if one used hot spraying to apply the coating, it would still be difficult to process unless diluted. One should also recognize that the quick cooling after hot spraying may cause precipitous solidification, preventing sufficient leveling of the coating.
The following properties are selected as relevant to the flow behavior of the high-solids coatings: weight average molecular weight Mw, polydispersity (Mw!Mnl, glass transition temperature Tg of the polymer or oligomer, and the viscosity and density of both the solvent and diluent. Our preferred diluents, lsopar H and methyl isobutyl ketone, exhibit low viscosities and densities (similar to xylene and n-butyl acetate), which will prove advantageous.
The measurements show that these solvents both lower the viscosity significantly, with the ketone more effective than the isoparaffin. In nearly all cases a large amount of diluent is required to reach a suitably low viscosity, resulting in a decrease of the nfA content to 65 % or less. This means that these systems are at best adequate for medium or low solids applications. Adding Proglyde DMM as a diluent in aromatic alkyd resin solutions has an even greater effect on the viscosity, but it is somewhat less effective than xylol. The ketone is also more effective than the isoparaffin in reducing the viscosity of high-solids alkyd resins AK09 and AKlO. These two isoparaffins exhibit viscosities at 80 % solids comparable to the viscosities of the other alkyd resins at 65 % solids. The epoxide ester is included in this investigation, even though it is actually a low-solids binder. Its viscosity is also reduced more by the ketone than by xylene.
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The solids content of the four hydroxylated acrylate resins was between 75 and 79 % (see Table 2 ) . As delivered, three of these resins contain n-butyl acetate and the fourth contains Solvesso 100.
The viscosities of the solutions of these as-delivered resins range from 5 000-6 500 mPa·s. Similarly to the alkyd resins, they must be diluted to an nfA content of 65 %, in order for the viscosity to be reduced to the desired level. As diluents for the alkyd resins, n butyl acetate and methyl isobutyl ketone have similar effects on the viscosity. In one case the lsopar H has a similar effect as the ketone, while in the other case it is considerably less effective. Dimethylform amide may be more effective than the ketone; however, it was only tested with one of the binders. The temperature coefficient of viscosity of these acrylate resins (as-delivered) is also very large (-400 mPa·S/°C), i. e., increasing the temperature significantly reduces the viscosity. However, as in the case of the alkyd resins, the temperature must be raised to at least 40 oc to obtain the viscosity reduction required.
The flow curves were determined up to the upper shear rate limit, which for the dilute solutions was usually 300 s-1 . With one exception, all solutions exhibited Newtonian behavior, i. e., a viscosity in dependent of shear rate and no apparent yield stress. The standard deviation for the measured viscosities was between 2 and 3%. Only the AK 06 75 T fluid (as-delivered) exhibited slight thixotropic behavior.
The surface energy of the solutions was between 24 and 32 mJ/m 2 . In contrast to its effect on viscosity, dilution changes these values only slightly. The methyl isobutyl ketone has a weaker effect on surface tension than the lsopar H, which is the reverse of their respective viscosity effects. The surface energies of several of alkyd resin solutions change only from 24 to 25 mJ/m 2 , or in another case from 27 to 28 mJ/m 2 . The change in the acrylate resin surface tension is slightly greater, from 27 to 29 mJ/m 2 . For a coating to completely wet its substrate, its surface energy must be less than the critical inter facial energy Yc of the substrate surface. For the alkyd resin solution with a low surface energy of 24-25 mJ/m 2 there is virtually no situation in which the substrate would not be sufficiently wetted. However, for solutions with higher surface energies the critical interfacial energy of the substrate may be exceeded; this occurs especially when the substrate is a plastic with low surface energy. Unfortunately, tailoring the surface energy by adding diluents is hardly viable, because of their small effect on the surface properties.
Lowering the molecular weight and/o r increasing polydispersity of the binder was viewed as an impractical method to produce high-solids binders with low solution viscosities, because of the accompanying degradation of the binder's film properties. In addition, binders with significantly reduced molecular weights cannot be adequately diluted, because their solvent content would increase to undesirable levels. Instead of reducing the viscosity by adding solvent, one must therefore look for other possibilities.
Besides using specially designed binders recently produced using new synthetic techniques, the other primary possibility is application of reactive diluents. Reactive diluents could be especially advantageous when used with the conventionally produced alkyd resins and hydroxylated acrylates examined in this work, because the required viscosity reduction may be achieved without increasing the solvent content. This assumes that the reactive diluent is nearly completely incorporated into the binder matrix cross-linking, and that negligible emissions result. Of course, the diluent must also adequately reduce the solution's viscosity and not have a detrimental effect on the binder matrix.
Conclusion
This examination of selected commercial alkyd and acrylate resin solutions with low solvent content revealed that most diluents significantly reduced the solution viscosity, but only slightly changed the surface energy. However, achieving the solution viscosity required for processing was generally impractical, either via addition of diluent or through increasing the temperature . As delivered, the solutions have very high viscosities, ranging from 5000-1 0000 mPa·s. However, with one exception, they exhibited Newtonian behavior in the shear rate range examined. The alkyd resin solutions had relatively low surface energies of 25 mJ/m 2 , and were nearly insensitive to addition of diluent. The surface energies of the acrylate resins were distinctly higher, ranging from 27-29 mJ/m 2 . For formulations of low solvent systems based on the binders examined here, addition of reactive diluents should be considered, because otherwise an increase in the solvent content is unavoidable.
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